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ANTHROPOGENIC-INDUCED CHANGES TO WEATHER AND CLIMATE: 
AN OVERVIEW 
Abstract 
Human activities, since the beginning of the Industrial Revolution, have caused 
measurable and significant changes to local and regional weather and climate, as well as 
to global climate. 
There is substantial evidence to show that anthropogenic influences have caused 
statistically significant changes to local and regional weather and climate, and have 
played a major role in the 0.6°C increase in global, low level temperature observed in the 
last 100 years. There is also an abundance of data that establishes a causal relationship 
between the 32% increase in atmospheric C02 concentration that has occurred since the 
beginning of the Industrial Revolution, and the observed temperature increase. Recent 
studies indicate plant and animal migrations toward higher latitudes, longer growing 
seasons, worldwide retreat of mountain glaciers, and decreases in sea-ice, all in response 
to the observed increase in global temperature. 
There is additional evidence from Project METROMEX, that was conducted in the 
Saint Louis, Missouri region during the summer months of 1971-1975. The study, 
designed to determine whether urbanization plays a role in local, inadvertent weather 
modification, demonstrated that temperature, precipitation, and wind flow patterns were 
significantly altered by the presence of this urban region. 
Four additional studies will be included that corroborate these findings. 
Introduction and Methodology 
There is no doubt than humans have changed the surfaces of continents, contributed to 
changes in the deposition rates and material deposited on continental margins, altered or 
destroyed portions of continental and aquatic ecosystems, greatly diminished or depleted 
many natural resources, and have created human and animal wastes. In addition, wastes 
from manufacturing, farming, and other activities have polluted surface, underground, 
and aquatic environments, as well as the atmosphere. 
Various gases, particulates, and heat added to the atmosphere by the human presence, 
especially from industrialized nations, have altered atmospheric processes, 
microclimates, and global climate. 
The specific goals of my thesis are as follows: 
1) to demonstrate that local and regional weather patterns have been affected by 
human activities; 
2) to demonstrate that global climate has been influenced by the collective 
human presence; 
3) to show that there has been a global response from plant and animal life, resulting 
from physical changes in the global environment, that can be connected 
to human-induced climate change. 
To support goal # 1 above, a discussion and results of the METROMEX project that 
examined the effects of a large urban area on locpl and regional weather patterns and 
climate, will be presented. Also included are results of other studies which corroborate 
the findings of the urban study, and goals # 2 and # 3 above. 
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Regarding human influences on the atmosphere, considerable controversy exists 
concerning the existence and/or extent of human influences on weather and climate, and 
subsequent ramifications of, 1) changes to local, regional, and global weather patterns, 2) 
long-term climate modification, and, 3) impacts on Earth's life forms. 
In order to examine possible human influences on weather and climate, a summary of 
what is known concerning non-anthropogenic causes of climate change will be included. 
Literature Review 
Considerable research has been conducted during the last several decades concerning 
the presence and extent of human influence on local, regional, and global weather and 
climate, with varying conclusions. Included as an Appendix is a compilation of a small 
portion of the extensive research, along with these findings, conducted on the subject 
that can serve as a basis for additional study. 
Discussion 
Summary of Non-Anthropogenic Causes of Climate Change 
Inherent in all long-term climate change causes are variations in greenhouse gases, in 
particular, variations in C02 concentrations, that appear to act as Earth's thermostat, 
mitigating the degree oflong-term cooling and warming (Ruddiman, 2001) .. For this to 
be a plausible mechanism, carbon must be able to move among the various carbon 
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reservoirs (atmosphere, ocean surfaces, vegetation, soils, deep ocean, rocks and 
sediments). 
The sensitivity of climate and climate change to variations in C02 concentrations is 
demonstrated by a comparison of the atmospheres of Venus and Earth. Even though 
Venus receives approximately twice the solar radiation as that of Earth, the thick sulfuric 
acid cloud that shrouds the planet reflects 80% of the incoming solar radiation; this is in 
contrast to 26% of the incoming solar radiation of Earth being reflected by clouds. The 
much higher albedo of Venus reduces the amount of solar radiation reaching the surface 
to approximately half that of Earth. Yet, Venus has a much higher average surface 
temperature (460° C) than Earth (15° C). The atmosphere of Venus is 90 times more 
dense, and is composed of 97% C02, a powerful greenhouse gas, whereas the C02 
concentration in the Earth's atmosphere is~ 370 parts per million (Ruddiman, 2001), 
(Drake, 2000). 
Chemical Weathering 
In order for volcanic action not to cause a long-term atmospheric buildup of C02 
levels, there must be a counteracting mechanism. The major long-term C02 removal 
process is connected to chemical weathering of continental rocks, with the two major 
types of chemical weathering being hydrolysis and dissolution (Ruddiman, 2001 ). 
In hydrolysis, C02 is removed from the atmosphere and incorporated in 
groundwater and soils as carbonic acid, formed by the combining of rainwater and 
C02, which is utilized in the chemical weathering reaction (C02 + H20---+- H2C03), 
eventually being deposited in CaC03 shells of marine organisms. These shells 
eventually become buried in ocean sediments, turning into rocks over long time 
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periods. This process accounts for approximately 80% of the carbon buried each year 
in ocean sediments (Ruddiman, 2001 ). 
Dissolution, the process by which limestone bedrock is dissolved by carbonic acid 
(CaC03 + H2COr~Ca++ & C03--), results in the dissolved material flowing to 
rivers and eventually to the oceans. However, unlike the process of hydrolysis, there 
is no net removal of atmospheric C02 with the process of dissolution; limestone 
weathering returns all of the C02 to the atmosphere within the time period it takes for 
the dissolved material to reach the oceans. 
Rates of chemical weathering are controlled by four factors: temperature, 
precipitation, composition and vegetation, acting together to affect chemical 
weathering of continental rocks. Temperature and precipitation tend to act together; 
warmer overall temperatures result in more precipitation globally because of 
increased evaporation from all surfaces, resulting in more cloudiness and 
precipitation, which intensifies chemical weathering. Vegetation also acts to increase 
chemical weathering; as plants remove C02 from the atmosphere through 
photosynthesis, the C02 is delivered to soils when the plant dies and decomposes, 
eventually combining with groundwater to form carbonic acid which enhances 
chemical weathering. Therefore, increased temperatures tend to result in more 
precipitation( except for desert biomes), increasing global vegetation, increasing the 
amount of carbon sequestered by vegetation, resulting in increased chemical 
weathering (Figure 1 - Ruddiman, 2001 ). 
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Figure 1 Negative feedback from chemical weathering; chemical weathering can act as a 
negative climate feedback that reduces the intensity of either an imposed climate 
warming(A), or cooling(B). (Ruddiman, 2001). 
Chemical weathering: controlling Earth's temperature. 
Since the average global rate of chemical weathering depends upon the Earth's 
climate, a negative feedback mechanism exists because chemical weathering alters 
the state of the climate by regulating the C02 removal rate from the atmosphere, 
influencing the amount of long wave radiation absorbed in the troposphere. 
Warmer climates, therefore, would result in increased temperature, precipitation, 
and vegetation in tropical areas, increasing chemical weathering, and increasing C02 
removal from the atmosphere, reducing the initial warming. The opposite situation 
would occur ifthe climate began to cool (Figure 1-Ruddiman,2001). 
The mechanism of chemical weathering moderates long-term climate changes, 
reducing the warming and cooling of the Earth's atmosphere, allowing the planet to 
be habitable over most of the 4.6 billion years of its existence. 
Plate Tectonics 
The outer layers of Earth are comprised of the continental and oceanic crusts, 
underlain by the mantle; the lithosphere, the upper portion of the mantle, is comprised 
of a dozen rigid tectonic plates which move at a rate of one to ten centimeters per 
year. When extrapolated over tectonic time periods, plates can move' up to 5000 
kilometers in 100 million years. Plates move because the asthenosphere, underlying 
the lithosphere (upper mantle, oceanic and continental crusts), is partly molten, and 
acts like a viscous fluid, flowing easily, moving the rigid plates above. Most of the 
plates are a combination of continental and oceanic crust whose margins are either 
moving apart (divergent margins), or coming together (convergent margins). 
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It is at these divergent and convergent margins (the most common types of plate 
margins on Earth) where carbon is cycled from the Earth's interior to the surface in 
the form of C02 emitted at these boundaries from the heating of carbonate rocks, 
eventually entering the atmosphere. The BLAG Spreading Rate Hypothesis, 
published in 1983 (Bemer et al, 1983), proposed that climatic changes in the last 
several hundred million years in fact, have been initiated by plate tectonic processes 
where rate changes in C02 input to the atmosphere are the root cause of warming and 
cooling cycles. The core of this hypothesis lies with the concept that changing rates of 
sea:floor spreading (divergent margins) over millions of years control the rate of C02 
delivered to the atmosphere from the extensive reservoir of carbon contained in 
carbonate rocks and sediments. 
While the BLAG hypothesis indicates that sea:floor spreading initiates climate 
change, it also invokes chemical weathering as the moderating negative feedback 
mechanism which mitigates the change, reducing the magnitude of cooling or 
warming (Figure 2-Ruddiman, 2001). 
Also, the distribution of oceanic and continental surfaces greatly affects the 
distribution of heat throughout the planet, significantly affecting atmospheric flow 
patterns and the resulting weather and climate. 
Orbital Variations 
Changes in Earth's orbit at intervals ranging from 20,000 to 400,000 years cause 
changes in the amount of solar radiation received by the Earth, resulting in changes in 
the Earth's climate (Ruddiman, 2001). Orbital changes consist of variations in the tilt 
of Earth's axis, the eccentricity of the elliptical path around the Sun, and the changing 
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Figure 2 Negative feedback in BLAG; the BLAG hypothesis invokes chemical 
weathering as a negative feedback that partially counters the changes in atmospheric C02 
and global climate driven by changes in rates of seafloor spreading. (Ruddiman, 2001). 
I 
' 
' I 
I 
I 
' 
' I 
: 
I 
I 
l 
' i 
I 
I 
I 
positions of the seasons along the Earth's path around the Sun caused by precession 
of Earth's axis( a wobbling motion resulting in its rotational axis pointing in different 
directions as a function of time). Climatic responses to these orbital variations are 
evidenced by resulting changes in a) the size of north polar ice sheets, b) the 
circulation pattern of the deep ocean, and c) concentrations of greenhouse gases (C02 
andC~). 
Changes in Earth's orbit cause changes in solar heating, and provide the driving 
force for cyclic climate changes in time scales of tens to hundreds of thousands of 
years. With regard to c) above, a strong correlation exists between changes in global 
ice volume and C02 concentrations both over the long-term (out to 400,000 yrs ago-
Figure 3 -Ruddiman, 2001) and for the last 160,000 years (Figure 4-Ruddiman, 
2001 ). What is not clear is what variable is leading the other; do C02 changes cause 
changes in ice sheet size or is it the other way around? It is clear, however, that C02 
levels are higher when global ice volume is low, and C02 levels are lower when 
global ice volume is high. During periods when ice volume is low and temperatures 
are higher, increased decay of organic matter increases C02 levels in the atmosphere. 
Anthropogenic Effects on Global Climate 
Concentrations of C02 in the atmosphere play a major role in non-anthropogenic 
causes of climate change( above). Since the Industrial Revolution, concentrations of 
C02 in the atmosphere, as evidenced by ice core samples, have risen approximately 
30% from a level of 280 ppm, considered to be the natural baseline value following 
the retreat of the last glacial maximum about 10,000 years ago, to the present value of 
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Figure 3 Long-term C02 changes; A 400,000-year record of C02 from Vostok ice in 
Antarctica shows four large-scale cycles at a period of 100,000 years similar to those in 
·the marine ice volume record.(Ruddiman, 2001). 
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Figure 4 The most recent C02 cycle; A record of the last 160,000 years of C02 
variations from Vostok ice in Antarctica(left) resembles the marine ice volume 
record(right), both in the asymmetric shape of the 100,000-year cycle and in several 
of the shorter oscillations.(Ruddiman. 2001). 
about 3 70 ppm, with most of the increase ( ~ 70%) occurring since 1950 (Figure 5 -
Ruddiman, 2001), (Drake, 2000). There is overwhelming scientific consensus that 
this increase in C02 concentrations is directly the result of global human influence. 
The two human behaviors responsible for most of the increase are burning of fossil 
fuels (coal, oil, natural gas), and deforestation. Most of the additional C02 is added to 
the atmosphere (~55%), and the ocean surfaces (~30%). 
Another powerful greenhouse gas, methane, also has increased significantly as a 
result of global human activity. Methane concentration increases mimic the C02 rate 
increases, and have risen more than 150% since the Industrial Revolution. 
Most climate scientists agree that the average surface temperature of our planet has 
warmed 0.5°C to 0.6° C in the last 100 years, and that greenhouse gas concentrations 
have been increasing during the same time period because of human influence 
(Ruddiman, 2001) (Drake, 2000); there is also general agreement that the increased 
concentrations of greenhouse gases have contributed to the observed warming of the 
lower atmosphere. The controversy arises from disagreement as to how much of the 
warming is human-induced, and how much is natural climate variations. 
The portion of the warming that can be attributed to increased greenhouse gases 
depends upon what changes, if any, can be attributed to natural climate variations 
(Figure 6-Ruddiman, 2001). Regarding tectonic scale climate changes, the Earth's 
mean temperature has cooled from 5° C to 10° C during the last 50-100 million years 
(Ruddiman, 2001). This very small rate of cooling would cause a temperature 
decrease of~ 0.00001° C for the last 100 years, if we assume a linear decrease over 
this time period. This extremely small change is insignificant when compared to the 
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Figure 5 Preindustrial and anthropogenic C02; The combined atmospheric C02 record 
from bubbles in ice cores and from instrument measurements since 1958 shows an 
accelerating increase in C02 in the last 200 years above the natural baseline of 280 ppm. 
(Ruddiman, 2001). 
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Figure 6 Natural warming and greenhouse effects; the fraction of the observed warming 
during the twentieth century that can be attributed to increased concentrations of 
greenhouse gases depends on the trend in natural climate, variously as show as 
(A)no change in temperature, (B) a natural warming, and (C) a natural cooling. 
(Ruddiman, 2001). 
observed change of 0.5° C to 0.6° C. Regarding orbital time scale changes, the Earth 
has drifted toward slightly cooler conditions (1° C in the northern hemisphere in the 
last 5000 years); extrapolated linearly to the last 100 years would yield a cooling of 
0.02° C, also negligible when compared to the observed warming. With reference to 
millennial time scale changes, insufficient data leads to a conclusion that it is not 
possible to determine whether the Earth has cooled or warmed naturally during the 
last 1000 years. Based on what is known concerning incremental changes in 
temperature during the past 4000 years, an upper limit of 0.02° C (warming or 
cooling) can be placed upon the last 100 years of temperature change, that also would 
be insignificant when compared to the observed 0.5° C to 0.6° C warming. Solar 
variability, however, may be significant and could explain a 0.2° C warming from a 
strengthening Sun; this would represent -113 of the observed warming (Figure 7 -
Ruddiman, 2001). 
So, all available evidence points to anthropogenic influences being responsible for 
at least the major portion of the recent warming over the last 100 years, with the 
causative agent being greenhouse gas increases, and in particular, C02 
concentrations increasing by 32% from pre-Industrial Revolution levels (Drake, 
2000). Considering what is known concerning the atmospheric effects from 
increasing levels of greenhouse gases, the cause and effect relationship is evident; 
increasing concentrations of greenhouse gases cause more heat to be trapped in the 
lower atmosphere, causing low-level temperatures to rise above what they would be 
in the absence of increased greenhouse gas concentrations. Since it has been 
established that human influences are responsible for most of the recent rise in C02 
16 
------------------
0.5 
.....-.. 
u 
0 
..__... 
V) 
Q) 
bi) 
t:: 
ro ·~ ..c: u 0 
, 
Q) ~ ~~~ :.... ::::s ~ ro :.... 
Q) 
0.. 
E 
~ 
1920 1940 1960 1980 2000 
A Observed temperature changes 
Q) -...U Tectonic cool in (-0.00002 ° C) 
:.... L.-------------------~ .... --------------------.-..ii ::::s 0 ,.. ~ ..__... ~ V> Orbital cooling (-0.02°C) 
QJ QJ I ---------.:...~ ... .;.;. . ..:i-. .................... .. 0.. bi) • 
E ~ ~ -5 Millennial warming? ( <0.02 ° C) 
~---­Millennial cooling? ( <0.02 ° C) 
0.2 
- Solar warming 
0.1 (+0.2°C ?) 
0 '---'--~~--! _...,____,_ __ ,__~! _._.L__ .....___,____._ 
1900 1920 1940 
Year 
B Natural temperature changes 
1980 
Figure 7 Observed temperature changes and natural contributions; compared with 
the observed change in global temperature during the twentieth century (A), a 
tectonic-scale cooling trend is undetectable, the orbital-scale cooling is small, and 
oscillations at millennial time scales are small and uncertain as to direction (B). 
Decadal-scale changes in solar radiation may have caused significant warming. 
(Ruddiman, 2001 ). 
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concentrations, the case has been made for concluding that the global human presence 
is responsible for most of the recent global warming. 
Urban Effects on Weather and Microclimates 
There is increasing evidence that localized and regional effects on weather and 
climate have been taking place where human populations provide input of additional 
heat, particulates, and gases, as well as causing changes to humidity and localized 
airflow patterns. 
I was involved in a major field study while working at the Illinois State Water 
Survey, Urbana, Illinois, covering a five year period during the summer months of 
1971-1975 in the Saint Louis, Missouri, region, called METROMEX (Metropolitan 
Meteorological Experiment), which was designed to investigate the degree of 
influence on local/regional weather and climate brought about the presence of a large 
metropolitan area. 
The specific goals of METROMEX (Cataneo, 1974) were: 
1) to study the effects of urban environments upon the frequency, amount, intensity, 
and duration of precipitation and related severe weather; 
2) to identify the physical processes of the atmosphere which were responsible for 
producing the observed urban weather effects; 
3) to isolate the factors of the urban complex which were the causative agents of the 
observed effects; 
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4) to assess the impact of urban-induced inadvertent weather and climate changes 
upon society. 
Project design. 
There were two modes of operation during METROMEX. The first mode involved 
the continuous collection of data from large networks of standard and unique surface 
weather instruments, some of which were operated year round. These networks 
included 250 recording raingauges, 250 hailpads, 30 hygrothermographs, 7 wind sets, 
6 remote thunder detectors, 3 cloud cameras, and 6 raindrop spectrometers. These 
instruments gathered continuous data, and were serviced and calibrated on a weekly 
basis. The distribution of these instruments is shown in Fig. 8 (Cataneo, 1974). 
Precipitation morphology was examined with the aid of two radar systems (FPS-18 
and TPS-10) which observed and recorded precipitation systems that traversed the 
research circle (Fig.8-Cataneo, 1974). The radars were located at the field 
headquarters site northwest of the circle, and were operated continuously during the 
summer months. 
The data obtained from this mode of operation were used primarily to determine 
the existence, magnitude, and location of surface weather anomalies associated with 
the urban area, and addressed goal # 1 above. 
The second mode of operation, which was entirely confined to the June-August 
period, involved obtaining information related to goals # 2 and # 3 above. Some of 
the data acquisition was accomplished with the aid of a meteorologically-
instrumented aircraft which had two main functions: 1) to inject tracer material into 
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inflow regions of convective cells that were forecasted to pass over the 81- station 
rainwater collection network(RWCN, Fig.8), with the radar systems and radio 
communication system at the field headquarters directing this function; 2) to obtain 
temperature, particulate, and moisture profiles, and measure cloud characteristics in 
and around the urban area. 
Also under the second operation mode was a pilot balloon network and a 
radiosonde network (Fig. 8) which yielded horizontal and vertical wind patterns as 
well as temperature-humidity vertical profiles. This second mode of operation yielded 
insight into the dynamics of convective cells as they passed over the urban area, and 
provided information concerning the magnitude and time response of the atmosphere 
to the urban presence. 
Project operations. 
Operations under the first mode were of a scheduled nature and therefore were not 
affected by existing or forecasted weather conditions. Operations under the second 
mode, however, depended to a large degree upon weather conditions since 1) tracer 
missions required the presence of convective precipitation, and, 2) the "urban plume" 
flights required certain flow and stagnation conditions. To address this requirement, a 
weather forecasting capability was established at the field headquarters site to obtain 
the necessary advance information for these activities. This capability, coupled with 
the two radar systems and radio communication between the aircraft and field 
headquarters, provided the necessary tools for the tracer operations. The R WCN was 
operated in conjunction with aircraft tracer missions so that rainwater samples were 
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(Cataneo, 1974). 
collected shortly after a treated convective cell passed over the network. The RWCN 
was also operated on wet, non-tracer days and dry days in order to obtain data on dry 
and wet background deposition levels of the tracer material, as well as for deposition 
of other elements and compounds; these activities also required weather forecasting 
services. 
A typical operational day in mode two was as follows: 
1) during the 0800-1000 period, weather conditions were analyzed and a forecast was 
prepared; 
2) at 1000, a briefing of all involved field personnel was conducted; 
3) the weather outlook for the day as well as instructions for the RWCN were given. 
If a "GO" day was declared( convective precipitation expected), the staff members 
operating the 81 rainwater collectors were instructed to put out new samplers; if a 
tracer mission occurred, the samples were picked up the same day after the mission, 
or early on the following day. The aircraft personnel were notified by radio of the 
expected weather conditions at briefing time; if convective precipitation was 
expected, the crew prepared for the mission, and was alerted when convective 
precipitation developed; if no precipitation was expected, the aircraft performed 
flights designed to examine the urban atmosphere and its affect on ambient weather 
parameters or clouds. 
The pibal-radiosonde network was also operated in conjunction with aircraft and 
RWCN activities in modes to best determine the effects of the city upon wind flow, 
temperature, and moisture parameters. 
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As field operations supervisor, my responsibilities involved all aspects of an 
operational day including: a) assisting and preparing the weather analysis and 
forecasting; b) conducting the briefing of all field personnel; c) determining whether a 
"GO" day would be declared; c) dispatching the necessary personnel; and, d) 
contacting aircraft personnel and coordinating aircraft operations. 
Major fmdings of the study included (as reported in, Ackerman et al, 1978): 
a) urban cumulus clouds had a higher base (300 - 600 meters), had stronger 
updrafts, contained more condensation nuclei (2 - 2.5 times greater), and had 
higher liquid water contents than their rural counterparts; 
b) the urban heat island effect results in urban temperatures being 3 - 5° C 
warmer at night, and - 0.5° C warmer during the day than surrounding rural 
areas; 
c) a significant effect on wind fields caused by the urban presence; low level 
convergence existed 9-16 km upwind of the urban center, divergence over the 
city itself, and convergence again 16 - 17 km downwind of the city; an overall 
convergence effect in the urban area, initiating or enhancing convective cloud 
development; 
d) precipitation amounts were-25% higher downwind of the Saint Louis urban 
area than over the city; 
e) the occurrence of severe thunderstorms was higher downwind of the city than 
over the city; 
t) the downwind wet and dry deposition of aerosols generated by the urban area 
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contributes to the pollution of streams and soils, increasing their acidic content. 
g) significant increases in aerosol content caused by urbanization reduce visibility 
downwind of the city while also increasing the extent of summertime cloudiness. 
Additional studies have corroborated the METROMEX results, including: 
1) Balling and Brazil (1987) who observed more frequent late afternoon 
thunderstorms in Phoenix, AZ while the city's population was rapidly 
growmg; 
2) Bornstein and LeRoy (1990) concluded that New York City effects the 
formation and movement of summer thunderstorms; 
3) Jauregui and Romales (1996) observed that the Mexico City heat island 
was correlated with the daytime intensification of rainshowers 
during the May-October wet season; 
4) Bornstein and Lin (2000) found that the Atlanta, GA heat island induced 
a convergence zone that initiated storms during the 1999 summer. 
My personal involvement in METROMEX gave me a unique insight into the dramatic 
and obvious results that occur when the natural environment is replaced by a large urban 
area, significantly affecting aspects of local and regional atmospheric circulation patterns, 
heat transfer mechanisms, surface and atmospheric humidity levels, and ultimately, 
precipitation patterns. The results from METROMEX are clear, and it is equally clear 
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from several other studies (references 1 - 4 above) that urbanization is also affecting 
local and regional weather and climate in other parts of the world. 
Agricultural Effects on Weather and Climate 
Surface-atmosphere interactions, and consequently, weather patterns, are affected by 
the nature of surfaces, and changes made to surfaces. In addition to surface changes 
consistent with urbanization(previous section), alterations such as deforestation, 
reforestation, and agricultural and irrigation practices, markedly affect temperature, 
precipitation, and wind flow patterns, ultimately affecting local/regional weather, as well 
as regional climate over longer time periods. 
A NASA-funded study conducted by Colorado State University (Pielke et al, 2002) 
documents that land-use changes influence regional and global climate by altering the 
low-level heat budget. Since the extent of these impacts cannot be adequately quantified 
as yet, it is not known to what degree these influences compare to global climate 
alterations cause by human-induced increases in atmospheric C02 concentrations. Land 
cover changes during the past 300 years may have altered the global climate to a level 
comparable to the changes resulting from C02 induced global warming. 
Precipitation and temperature patterns are altered by: 
a) replacing a forest with crops resulting in less transpiration and evaporation of 
water, leading to warmer temperatures in that region; 
b) replacing a forest with urban surfaces, greatly decreasing transpiration/evaporation, 
increasing local/regional temperatures; industrialization and the resulting additional 
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heat adds to the warming; 
c) replacing semi-arid natural vegetation with irrigated farmland, greatly increasing 
evaporation, cooling the lower atmosphere and affecting regional cloud and 
precipitation patterns; 
d) foresting a region where significant snowfall occurs, changing the 
albedo of the surface, causing more solar radiation to be absorbed 
by the ground, warming the atmosphere in the region; changes in albedo 
significantly affect local and regional convection, impacting the number and extent 
of convective systems. 
Effects on Agriculture Resulting from Global Warming 
While local and regional weather and climate are affected by agriculture and other 
surface modifications, global increases in temperature brought about by increasing C02 
concentrations affect agriculture in the following manner: 
a) C02 fertilization providing vegetation with greater growth potential for the 
photosynthesis process; 
b) decreasing crop yields resulting from heat stress and lower precipitation 
amounts in some regions, while other areas with higher precipitation and lower 
temperatures experiencing higher crop yields; 
c) increasing regions with extensive soil erosion and drought; 
d) crop disease and pest infestations varying as climate is altered, affecting crop 
yields; 
e) C02 fertilization increasing weed growth, negatively impacting crop yields, even 
as crops benefit from C02-induced global warming. 
Overall, most predictions look to decreasing crop yields, worldwide, as a result of 
increasing C02 concentrations and induced global warming(Drake, 2000). 
Effects of Collective Global Population on Atmospheric Aerosol Load 
Since the Industrial Revolution, increasing amounts of aerosols have been added to the 
atmosphere above natural background levels, resulting from the collective activities 
related to industrialization. The burning of fossil fuels, along with biomass burning, 
continuously add aerosols to the atmosphere, affecting atmospheric processes. 
How much of an impact is the global human population contributing to global aerosol 
concentrations, and what effect is this having on global climate? 
The composition and chemistry of the atmosphere has determined the climate and 
climate changes that have taken place throughout Earth's history. It has been well 
documented that variations in greenhouse gases, especially C02, are correlated with 
global temperature variations. It is also well documented that atmospheric aerosol 
concentrations play a major role in the amount of solar radiation reaching the surface, 
which, in conjunction with greenhouse gas concentrations, ultimately determine the level 
of atmospheric heating. The results of METRO MEX and related studies confirm that 
local and regional changes to atmospheric parameters, including aerosol concentrations, 
alter local and regional climate. 
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A geologically recent example of a global climate-altering event which greatly 
impacted the amount of solar radiation reaching the surface occurred at the end of the 
Cretaceous period when a 6-10 km diameter comet, traveling at - 70 km/sec, impacted the 
Earthjust north of the Yucatan Peninsula, -65 million years ago. This occurrence is now 
widely accepted as the cause of the fifth major extinction since life began on Earth. The 
significant cooling which occurred, following the initial worldwide burning of vegetation, 
resulted in the elimination of -80 % of life on Earth, completely eliminating all species of 
dinosaurs. The global cooling that occurred was the result of the enormous amount of 
material thrust into the atmosphere by the impact explosion and the aerosols from the 
global fires, reflecting back into space much of the incoming solar radiation, eliminating 
most of the plant life, collapsing the food chain. On a much smaller scale, recent 
examples of the impact of sudden increases of aerosols from natural occurrences include 
the volcanic eruptions of Mt Saint Helens, Washington (1980), El Chichon, Mexico 
(1982), and Mt Pinatubo, Phillipines (1991). 
Recent research has shown that global biomass burning is having a significant impact 
on global climate by the addition of chemically and radiatively active gases to the 
atmosphere (C02, CHi, NO, 0 3), as well as particulates (Levine, et al, 1995 ). Biomass 
burning has increased significantly over the last 100 years, and is now recognized as a 
major emission source responsible for as much as -40% of tropospheric C02, and - 38% 
of tropospheric 0 3• Since most of the biomass burning occurs in savanna biomes, and 
most of the world's savannas are in Africa, the African continent is termed the "burn 
center" of the planet. Biomass burning includes: 
a) Forests (tropical, temperate, boreal); 
b) savannas; 
c) agricultural lands after harvest; 
d) wood for cooking, heating, and charcoal production. 
Biomass burning immediately produces and releases carbon dioxide, carbon monoxide, 
methane, non-methane hydrocarbons, nitric acid, methyl chloride, and particulates, into 
the atmosphere. Therefore, C02 that was sequestered for many years in vegetation is 
quickly released in a few hours; at the same time, a significant C02 sink, vegetation, by 
virtue of photosynthesis, is removed. 
The released methyl chloride becomes a source of chlorine which is transferred to the 
stratosphere, contributing to the decrease in ozone concentration. It was recently learned 
that biomass burning also produces methyl bromine; bromine is ~ 40 times more efficient 
than chlorine in breaking apart ozone molecules (Levine, et al, 1995). The types of 
biomass burned, the sources of burning, amounts of each source, and amounts of carbon 
released, are shown in Table 1 (Levine et al, 1995). 
Biomass burning affects other aspects of global climate including changes in surface 
reflectivity (albedo), and changes in the hydrologic cycle by altering evaporation rates 
and runoff, representing a major factor in the alteration of the global climate. 
Extrapolation of Anthropogenic Regional Influences to Global Climate Modification 
There is little dispute among climate scientists that there has been a global increase in 
greenhouse gas concentrations since the Industrial Revolution, that much of the increase 
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TABLE 1 Types of biomass burned; global estimates of annual amounts of biomass 
burning and of the resulting release of carbon into the atmosphere. (Levine et al, 1995). 
Biomass burned Carbon released 
(Tg dry matter/ (Tg carbon/ 
Source of burning year) year) 
Savannas 3690 1660 
Agricultural waste 2020 910 
Tropical forests 1260 570 
Fuel wood 1430 640 
Temperate and 280 130 
boreal forests 
Charcoal 21 30 
World total 8700 3940 
Tg( teragrams): 1 teragram equals one million metric tons) 
has been caused by human activities, and that global temperatures have increased by ~ 
0.6 C during this time period. There is less agreement as to how much of the temperature 
increase can be attributed to human influence, and how much to Earth's natural climate 
variability (Figure 6-Ruddiman, 2001),(Drake, 2000). 
It is well documented that the current global human population of 6.3 billion is 
affecting: 
a) local/regional weather patterns ande-as a result of biomass burning; 
b) local/ regional weather patterns and climate as a result of urbanization; 
c) local/regional weather patterns and ~lhnate as a result of widespread land-use 
modification. 
Can we conclude that the local and regional influences referenced above 
are affecting the global climate, as does increa$edconcentrations of greenhouse gases? 
One corroborating data set comes from S(h smokestack eri)issions resulting from coal 
and oil burning. Sulphate particle concentrations show ~same exponential increase as 
C02 emissions. Three distinct sulphate plumes (Figure 9 .... Ruddiman, 2001) are evident 
from smokestacks in the North American Midwest, Ea~ Eorope, and China; the 
sulphate aerosols are transported eastward by the p~ winds. The net global effect 
:-,~ ~--:.·.:::::'.~~'~ 
of increased sulphate aerosols is thought to be a global coc:>ling, caused by an increase in 
atmospheric albedo (reflectance), but the current data are inconclusive as to the degree of 
cooling. An estimate of global S02 emissions compared to natural emissions is shown in 
Figure 10 ( Ruddiman, 2001). A major issue arising from the sulphate emissions data is 
whether S02 cooling is counteracting part of the greenhouse warming. The 
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Intergovernmental Panel on Climate Change (IPCC) estimates that approximately 15-
20% of the greenhouse warming has been canceled by sulphate cooling. 
If the case can be made for regional increases in sulphate concentrations leading to a 
mitigation of global warming as a result of urbanization(b above), then, in my view, it is 
reasonable to expect that global effects on climate would result from all sources relating 
to a), b ), and c) above. Additional data, and results from increasingly reliable computer 
models are needed to further address this issue. 
Global Responses of Organisms to Human-Induced Climate Change 
Plant and animal species often live within narrow temperature ranges; global warming, 
and the likelihood of related greater numbers of extreme weather events, may 
compromise food sources by affecting agricultural productivity and marine life, stressing, 
or eliminating several species, impacting the food chain. 
As has occurred in the geologic past, climate change inevitably brings change to life 
forms on Earth, the degree of change dependent upon how much and how quickly the 
climate shifts. Climate change has been the rule on Earth; species either adapt or become 
extinct; it is estimated that there are - 50 million species of plants and animals at present, 
and that there have been- 50 billion species on Earth since life began. Therefore,....., 
99.9% of all species that have ever lived on our planet are extinct. 
How will the global rise in temperature of 0.6° C in the last 100 years affect the flora 
and fauna? A recent study (Parmesan and Yohe, 2003) examining data on 1,700 species 
of plants and animals, indicated that there have been significant shifts in specie locations 
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of 6.1 km per decade, towards the poles. Also shown in the study were changes in the 
time that species laid their eggs, with egg laying and migration occurring an average of 
2.3 days earlier per decade. 
In a related study, it was found that 1,200 species, about 81 % of the total number 
analyzed, underwent biological changes consistent with responses to how temperature 
changes influence various traits in a variety of species around the world (Root et al, 
2003). 
Other results from this study revealed that, 1) several species of flowering plants in 
Wisconsin are blooming earlier than before, 2) marmots in Colorado are ending 
hibernation about three weeks sooner than they were in the late 1970's, 3) a variety of 
species, including butterflies and marine invertebrates, have shifted their ranges 
northward as temperatures increased, 4) growth in Alaskan white spruce trees has been 
significantly stunted in recent years because of the increasing temperatures in the region. 
The future impact on wildlife species will depend upon the rate of change and extent of 
climate change; a rapid rate of change, as has occurred in the geological past, will 
significantly impact most plant and animal species. 
Regarding the effects on the global human population from global warming, the 
impacts will be felt to a greater extent in underdeveloped and developing regions where 
populations are less able to protect themselves from the environmental changes. Affluent 
societies will have more options regarding food, clothing, shelter, and means of 
transportation, although all human populations will ultimately be affected by the 
reduction or elimination of other species. Greenhouse gas emissions, which have a major 
role in global warming, are contributed by developed countries in much greater quantities 
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than developing countries (Figure 11 - Drake, 2000); developed countries contribute ~ 
68% of total C02 emissions compared to~ 32% from developing countries. 
Results and Conclusions 
There is overwhelming evidence, and general agreement in the scientific community, 
that humans have been increasingly impacting local and regional weather and climate by 
means of land-use modification, biomass burning, and urban heat islands, with mounting 
evidence that these local/regional effects are collectively affecting the global climate 
(IPCC, 2001). 
There is also substantial evidence that a significant part of the atmospheric C02 
concentration increase, as well as increases in other greenhouse gases (CH4, CFCs, 03), 
are human-induced, and that this is a major factor in the increase of global surface and 
low-level temperatures. 
It has been documented above that the human footprint is discemable with regard to 
local and regional effects on weather and climate, and is discemable in the global climate 
changes that have been taking place at an increasing rate since the Industrial Revolution; 
plant and animal specie migrations toward higher latitudes, longer growing seasons, 
worldwide retreat of mountain glaciers, and decreases in sea-ice, all point to a warming 
global climate. 
The global community has played, and continues to play a major role in local and 
global changes to weather and climate, with developed, industrialized nations bearing the 
major responsibility for these changes, many of which are expected to impact negatively 
upon the global human population and to other species as well. In my view, it is 
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Figure 11 Greenhouse gas emissions broken down by region for (a) industrial carbon 
dioxide emissions, and (b) total greenhouse gas emissions.(Drake, 2000). 
imperative that developed, technologically advanced nations recognize their 
responsibility to this global issue, and commit the effort necessary to collectively address 
solutions. 
The specific goals of my thesis have been supported. It has been demonstrated that: 
a) local and regional weather patterns have been, and are being affected by human 
activities; 
b) the global climate has been, and is being influenced by the collective human 
population; 
c) plant and animal life, as well as the surrounding environment, have been, and are 
responding on a global scale to changes in the global climate brought about by 
human activities. 
Exposure to a portion of the extensive literature base over the last several years on 
the subject of the human influence upon weather and climate and the resulting impact 
on plant and animal life, had resulted in mixed conclusions for me regarding the 
extent of the human impact. The research process for this thesis and the results 
obtained from my involvment in Project METROMEX, as well as from the works of 
others, have provided for me convincing evidence that the human impact is 
measurable, substantial, and increasing. 
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